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Executive Summary

The Massachusetts Department of Environmental &ttote(MassDEP) is responsible for
monitoring the waters of the Commonwealth, idemigythose waters that are impaired, and
developing a plan to bring them back into compleanith the Massachusetts Surface Water
Quality Standards. The list of impaired waters aéferred to as category 5 of the State
Integrated List of Waters or the “303d list” iddi@s river, lake, and coastal waters and the
reason for impairment. All impaired waters listaccategory 5 require the development of a
TMDL report. The current and proposed integraisidand further explanation can be found at
http://www.mass.gov/dep/water/resources/tmdls.htm.

Once a water body is identified as impaired, Mad3d¥required by the Federal Clean Water
Act (CWA) to essentially develop a “pollution budigdesigned to restore the health of the
impaired body of water. The process of developimg budget, generally referred to as a Total
Maximum Daily Load (TMDL), includes identifying theurce(s) of the pollutant from direct
discharges (point sources) and indirect dischaim@s-point sources), determining the maximum
amount of the pollutant that can be dischargeddpezific water body to meet water quality
standards, and developing a plan to meet that goal.

This report develops a total phosphorus TMDL foritksland Pond, East Basin (MA95166)
and West Basin (MA95173) in the Buzzards Bay Wadited in Plymouth and Wareham
Massachusetts. The lakes are listed as impaiegdgory 5), on the "Massachusetts Year 2008
Integrated List of Waters" for nutrients, organiciehment/low DO and noxious aquatic plants,
with the East Basin also listed for turbidity. flashwater systems the primary nutrient known to
accelerate eutrophication is phosphorus. This tepidrsatisfy the requirement of a TMDL for
White Island Pond. In order to prevent furtherrdeigtion in water quality and to ensure that
each lake meets state water quality standardg,Ntigl establishes a phosphorus limit for the
lake and outlines actions to achieve that goal.

The two basins are similar in size and depth aadardered by similar density of residential
housing. The most notable difference between tloehimsins is the direct discharge of two major
commercial cranberry bogs into the north end ot Basin. Water quality surveys have shown
that the East Basin has consistently higher tdtasphorus (TP) concentrations, exhibits
frequent algal blooms, and does not meet the gnelér transparency (1.2 meters (m) for
Secchi disk transparency). The West Basin alsestiaewhat elevated total phosphorus with
less severe algal blooms and currently does meet.thm Secchi disk transparency guideline.
The lakes are seepage lakes that are hydraulmatliyected and are modeled as one system with
an overall average total phosphorus target seDa®mg/l. The total maximum daily load is
estimated as a combined load for the two-basin $gkeem.
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Total Phosphorus Targets

Segment |Lake Name |Lake Area |Current Target
ID Total Total
Phosphorus [Phosphorus
(mg/l) (mg/l)
MA95166 (White Island 167 a¢ 0.081 0.01¢9
Pond (whole lake
East basin average)
MA95173 (White Island 124 a¢ 0.034
Pond
West basin

A mass balance approach using available data suppled with nutrient export rates from the
literature was used to estimate the current loadtaf phosphorus of 539 kg/year. The major
source (50%) of phosphorus to the lake during thie@ summer period is attributed to
sediment recycling. This source of phosphorugsesymably due to historic inputs of
phosphorus from anthropogenic sources. The majerrmal sources are the cranberry bogs,
followed by septic systems, groundwater and predipn. The target load of 147 kg/year (or
0.40 kg/day) was determined from a suite of lakelef®calibrated to achieve an average in-lake
total phosphorus concentration of 0.019mg/l as shiovthe table below. Although the TMDL
must be expressed on a daily basis, the implementahd administrative decisions should rely
on achieving the annual TMDL load which is morerappiate for this slow flushing seepage
lake.

White Island Pond (East and West Basins) PhosphoruBMDL Load Allocation

Source Current Total Target Total Phosphorus
Phosphorus Loading | Load Allocation (kg/yr)
(kglyr) and (percent reduction)

Load Allocation

Groundwater 50 50 (0%)

Precipitation 39 35 (0%)

Home Septic

systems 54 28 (50%)

Internal Sediment 26} 13 (95%)

Makepeace Bogs 6]2 9 (85%)

Federal Furnace

Bogs 69 10 (86%)

Additional Margin

of Safety 0 2 (NA

Total 539 147 (73%)
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Although the major source of phosphorus is thersedts implementation to control the
sediment source should be delayed until all extesmarces are controlled to the greatest extent
practical. The implementation of the TMDL will reiggimajor reductions in loading from the
cranberry bogs, combined with significant reductitnom home septic systems. The major
implementation can be achieved by a combinatidmest management practices (BMPS)
including reducing the phosphorus fertilizer rateslucing volumes of discharge water and
reducing concentrations of total phosphorus indiseharge water.

Over time, the home septic systems will be updtededtle 5 (State Environmental Cod,0
CMR 15.000 systems and it is recommended that the BoardeaftH act quickly to bring all
non-compliant systems into compliance. Additior@itcols on stormwater from construction
and development in the towns of Wareham and Plymwilt be achieved as part of the Phase I
stormwater permits issued by the United StatesrBnmental Protection Agency (USEPA) and
the Massachusetts Stormwater Management Regula8@4<CMR 21.00 (DRAFT).

The successful implementation of this TMDL will teige cooperative support from Federal
agencies including USEPA and the Natural ResowCoeservation Service (NRCS), as well as
the cranberry growers, MassDEP, local volunteaiss nd watershed associations, and local
officials in municipal government. A MemorandumAxreement was signed on May 7, 2009
between the Massachusetts Department of AgriclllReaources, Massachusetts Department of
Environmental Protection, the Cape Cod Cranberpm@rs Association and the University of
Massachusetts Cranberry Station to implement naatioes on the commercial cranberry bogs
that discharge to the lake. The MOA text is avddat
http://www.mass.gov/dep/water/resources/tmdls.huma#brds

In addition, a 319 grant was awarded to assishplementation and monitoring of BMPs in the
bogs, with monitoring being conducted by the Unassnberry Station. Funding support to aid
implementation of this TMDL is available on a cortifpee basis under various state programs
including the Section 319 Grant Program administéneMassDEP and federal funding for
cranberry growers via the Environmental Qualityelmive Program (EQIP) offered by NRCS.
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Programmatic Background and Rationale

Section 303(d) of the Federal Clean Water Act negueach state to (1) identify waters for which
effluent limitations normally required are not sggent enough to attain water quality standards
and (2) to establish Total Maximum Daily Loads (TM) for such waters for the pollutants of
concern. TMDLs may also be applied to waters tieresd by excessive pollutant loadings. The
TMDL establishes the allowable pollutant loadingnfrall contributing sources that is necessary
to achieve the applicable water quality standafdDLs determinations must account for
seasonal variability and include a margin of safM®S) to account for uncertainty of how
pollutant loadings may impact the receiving watguslity. This report will be submitted to the
USEPA as a TMDL under Section 303d of the Fedeledu€Water Act, 40 CFR 130.7. After
public comment and final approval by the USEPA, TMDL can be used as a basis for State
and Federal permitting and regulatory decision® rEport will also serve as a general guide for
future implementation activities such as grant fogaf best management practices (BMPS).
Information on watershed planning in Massachusetsailable on the web at
http://www.mass.gov/dep/water/waterres.htm

The programmatic background summary given belowtended to be general in nature and the
issues described may or may not apply to the spexiter body in question. The management
of eutrophic freshwater lakes is typically basedaatudy of the nutrient sources and loads to the
lakes and usually focuses on phosphorus as theriampgor limiting) nutrient (Cooke et al.,
2005). For TMDLs, the phosphorus loads estimatexh the study can be compared to total
phosphorus loadings estimated from a suite of miffepublished lake models. A target
concentration to meet Water Quality Standardslecssd and a target yearly load of phosphorus
is calculated for the lake. The phosphorus TMDestblished to control eutrophication in the
water column, however additional plant managemeayt be needed. A total phosphorus TMDL
is established to meet Massachusetts Surface \@atdity Standards, and to maintain a
minimum of 4-foot visibility in surface waters feafe recreational use (which is equivalent to
the 1.2 m Secchi disc transparency). The sucdesgilementation of this TMDL will require
cooperative support from the public including lakel watershed associations, local officials and
municipal governments in the form of educationdimg and local enforcement. In some cases,
additional funding support is available under vasigtate programs including the MassDEP
Section 319 (nonpoint source grants) and the Ret®lving Fund Program (SRF); see
watershed grants listed liritp://mass.gov/dep/water/grants.htm

Nutrient Enrichment: Nutrients are a requirement of life, but in excidsssy can create water
quality problems. Lakes are ephemeral featureseofandscape and over geological time most
tend to fill with sediments and associated nutdexst they make a transition from lake to marsh
to dry land. However, this natural successionag)ifig”) process can be and often is accelerated
through the activities of humans, especially thirodgvelopment in the watershed. For some
highly productive lakes with developed watershéds,not easy to separate natural succession
from “culturally induced” effects. Nonethelesd,fabsible steps should be taken to reduce the
impacts from cultural activities. The followingsgussion summarizes the current understanding
of how nutrients influence the growth of algae amatrophytes (aquatic plants), the time scale
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used in the studies, the type of models appliectla@diata collection methods used to create a
nutrient budget. A brief description of the ratiefor choosing a target load (the TMDL) as
well as a brief discussion of implementation anchaggement options is presented. A more
detailed description of fertilizer and water usageommercial cranberry bogs is provided in
Appendix llI.

A detailed description of the current understandihgmnology (the study of lakes and
freshwaters) and management of lakes and resewanrbe found in Wetzel (1983), Cooke et
al., (2005) and Holdren et al., 2001. To preveriucal enrichment it is important to examine
the nutrients required for growth of phytoplank{afgae) and macrophytes. The limiting nutrient
is typically the one in shortest supply relativahe nutrient requirements of the plants. Theorati
of nitrogen (N) to phosphorus (P) in both algae mradrophyte biomass is typically about 7 by
weight or 16 by atomic ratio (Vallentyne, 1974)b<g@rvations of relatively high N/P ratios in
water suggests P is most often limiting and canefulews of numerous experimental studies
have concluded that phosphorus is a limiting natrie most freshwater lakes (Likens, 1972;
Schindler and Fee, 1974). Most diagnostic/feasjtstudies of Massachusetts lakes also
indicate phosphorus as the limiting nutrient. Ewenases where excess phosphorus has led to
nitrogen limitation, previous experience has shdiat it is easier, more cost-effective and more
ecologically sound to control phosphorus than germ The reasons include the fact that
phosphorus is related to terrestrial sources aed dot have a significant atmospheric source as
does nitrogen (e.g., nitrates in precipitationhu3, non-point sources of phosphorus can be
managed more effectively by best management pesc(BMPs). In addition, phosphorus is
relatively easy to control in point source discleggFinally, phosphorus does not have a gaseous
phase, while the atmosphere is a nearly limitlessce of nitrogegas that can be fixed by some
blue-green algae, (i.e. cyanobacteria) potentrakbylting in toxic blooms. For all of the reasons
noted above, phosphorus is chosen as the crite@leat to control freshwater eutrophication,
particularly for algal dominated lakes or in lakieseatened with excessive nutrient loading.

There is a direct link between phosphorus loadmdyagal biomass (expressed as chlorophyll a)
in algae dominated lakes (Vollenweider, 1976). Sigation is more complex in macrophyte-
dominated lakes where the rooted aquatic macropimytey obtain most of the required nutrients
from the sediments. In organic, nutrient-rich seelts, the plants may be limited more by light
or physical constraints such as water movementhlgarutrients. In such cases, it is difficult to
separate the effects of sediment deposition, wiadhbce depth and extend the littoral zone, from
the effects of increased nutrients, especially phorus, associated with the sediments. In
Massachusetts, high densities of aquatic macroplaytetypically limited to depths less than ten
feet and to lakes where organic rich sediment$oanad (Mattson et al., 2004). Thus, the
response of rooted macrophytes to reductions inemts$ in the overlying water will be much
weaker and much slower than the response of algaemsrooted macrophytes, which rely on the
water column for their nutrients. In algal or n@oted macrophyte dominated systems, nutrient
reduction in the water column can be expected ndrobgrowth with a lag time related to the
hydraulic flushing rate of the system. In lakesndmated by rooted macrophytes, additional,
direct control measures such as harvesting, hedsar drawdowns will be required to realize
reductions in plant biomass within a reasonablytditne scale. In both cases, however,
nutrient control is essential since any reductioone component (either rooted macrophytes or
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phytoplankton) may result in a proportionate inseesn the other due to the relaxation of
competition for light and nutrients. In additionhis critical to establish a TMDL so that future
development around the lake will not impair watealdy. It is far easier to prevent nutrients
from causing eutrophication than to attempt tooesé eutrophic lake. The first step in nutrient
control is to calculate the current nutrient logdiate or nutrient budget for the lake.

Nutrient budgets: Nutrient budgets and loading rates in lakes aterdened on a yearly basis
because lakes tend to accumulate nutrients asawellgal and macrophyte biomass over long
time periods compared to rivers which constantlgtil components downstream. In cases of
short retention time reservoirs (less than 14 daysyient budgets may be developed on a
shorter time scale (e.g. monthly budgets from weaster treatment plants) but the units are
expressed on a per year basis in order to be caileaio nonpoint sources estimated from land
use models. Nutrients in lakes can be releasadl fihe sediments into the bottom waters during
the winter and summer and circulated to the surflaceng mixing events (typically fall and

spring in deep lakes and also during the summshatiow lakes). Nutrients stored in shallow
lake sediments can also be directly used by rowi@ctophytes during the growing season. In
Massachusetts lakes, peak algal production, omidoonay begin in the spring and continue
during the summer and fall, while macrophyte biosnasaks in late summer. The impairment of
uses is usually not severe until summer when magtegbiomass reaches the surface of the
water interfering with boating and swimming. Alsd this time of year the high daytime primary
production and high nighttime respiration can cdasge fluctuations in dissolved oxygen with
critical repercussions for sustaining aquatic lifie.addition, oxygen is less soluble in warm
summer water as compared to other times of the yHae combination of these factors can drive
oxygen to low levels during the summer and may edis$ kills. For these reasons the critical
period for use impairment is during the summerpeb@ugh the modeling is done on a yearly
basis for the reasons explained above.

There are three basic approaches to estimatingrdunutrient loading rates: the measured mass
balance approach; the land use export modelingpappr and modeling based on the observed
in-lake concentration. The measured mass balgm®ach requires frequent measurements of
all fluvial inputs to the lake in terms of flow est and phosphorus concentrations. The yearly
loading is the product of flow (liters per yearpés concentration (mg/l), summed over all
sources (i.e., all streams and other inputs) apdessed as kg/year. The land use export
approach assumes phosphorus is exported from gdaod areas at a rate dependent on the type
of land use. The yearly loading is the sum ofghaluct of land use area (Ha) times the export
coefficient (in kg/Halyr). In some cases a combtiine modified approach using both methods is
used. In-lake phosphorus models provide an indimethod of estimating loading but do not
provide information on the particular sources giut) however, this approach can be used in
conjunction with other methods to validate resultse mass balance method is generally
considered to be more accurate, but also moredonsuming and more costly due to the field
sampling and analysis. For this reason, the malssite results are used whenever possible. If a
previous diagnostic/ feasibility study or mass batabudget is not available, then a land use
export model, such as Reckhow et al., (1980) oNRELAKE model (Mattson and Isaac, 1999)
can be used to estimate nutrient loading.
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Target Load: Once the current nutrient loading rate is ideedifia new, lower rate of nutrient
loading must be established which will meet surfaeger quality standards for the lake. This
target load or TMDL can be set in a variety of waysually a target concentration in the lake is
established and the new load must be reduced tevactne lower concentration. This target
nutrient concentration may be established by ameptality model that relates phosphorus
concentrations to water quality required to mamtsignated uses including swimming (where
4 feet visibility has been a guidance value). /#tively, the target concentration may be set
based on concentrations observed in backgrouncerefe lakes for similar lake types or from
concentration ranges found in lakes within the saowdogical region (or sub-ecoregion). In
cases of impoundments or lakes with rapid flushimgs (e.g., less than 14 days), somewhat
higher phosphorus targets may be used becauséatiig¢gnic algae and nutrients are rapidly
flushed out of the system and typically do not hiawve to grow to nuisance conditions in the
lake or accumulate in the sediments. In the caseapage lakes (with no inlet streams) they
may naturally have lower phosphorus targets, pddity if the lakes are clear water rather than
dark or tea colored lakes.

Various models (equations) have been used for girediproductivity or total phosphorus
concentrations in lakes from analysis of phosphtoads. These models typically take into
consideration the water body’s hydraulic loading r@nd some factor to account for settling and
storage of phosphorus in the lake sediments. Antloagnore well known metrics are those of
Vollenweider (1975), Kirchner and Dillon (1975), &ira (1975), Larsen and Mercier (1975) and
Jones and Bachmann (1976). These models areasatttilate the Total Maximum Daily Load
or TMDL, in kilograms of the nutrient per day orrgear that will result in the target
concentration in the lake being achieved. The TMUst account for the uncertainty in the
estimates of the phosphorus loads from the soudleasified above by including a “margin of
safety”. The margin of safety can be specificailstuded, and/or included in the selection of a
conservative phosphorus target, and/or includgehesof conservative assumptions used to
develop the TMDL. In addition, a simple mass baéaquation (model) of total load divided by
total water input, may also be used to establishiimimum load (assuming no settling or loss of
phosphorus) that could explain the observed coretgmt in the lake.

After the target TMDL has been established, thewad loading of nutrients is apportioned to
various sources that may include point sourcesedisnon-point sources such as private septic
systems and runoff from various land uses withenwlatershed. In Massachusetts, few lakes
receive direct point source discharges of nutridntsases where significant point sources
regulated through the National Pollutant Dischd&gmination System (NPDES) program exist
upstream of a lake or impoundment, the point sowitten most cases be required to use the
Highest and Best Practical Treatment (HBPT) to cedotal phosphorus loading. The existing
loads for NPDES point sources are calculated basexlirrent data, not on the permitted
discharge loading. New discharge mass loadingdiatia treatment plant may be computed by
applying the percent reduction required to meefltd®L to the current loads. The new
permitted concentrations of total phosphorus can the calculated based on total mass loading
divided by permitted flow rate for the discharge.
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The nutrient non-point source analysis generallylva related to land use that reflects the extent
of development in the watershed. This effort cafalsditated by the use of geographic
information systems (GIS) digital maps of the aredt can summarize land use categories within
the watershed. This is then combined with nutrexqort factors which have been established in
numerous published studies. The targeted reductuss be reasonable given the reductions
possible with the best available technology and BEsmagement Practices (BMPs). The first
scenario for allocating loads will be based on whatracticable and feasible for each activity
and/or land use to make the effort as equitabfmasible.

Seasonality As the term implies, TMDLs must be expressed asimum daily loads.

However, as specified in 40 CFR 130.2(l), TMDLs rbayexpressed in other terms as well. For
most lakes, it is appropriate and justifiable tpress a nutrient TMDL in terms of allowable
annual loadings. The annual load should inheredtpunt for seasonal variation if it is
protective of the most sensitive time of year. st sensitive time of year in most lakes
occurs during summer, when the frequency and oecoer of nuisance algal blooms and
macrophyte growth are typically greatest. Becdhsghosphorus TMDL was established to be
protective of the most environmentally sensitiveqee(i.e., the summer season), it will also be
protective of water quality during all other seasoidditionally, the targeted reduction in the
annual phosphorus load to lakes will result ingpplication of phosphorus controls that also
address seasonal variation. For example, certaitral practices such as stabilizing eroding
drainage ways or maintaining septic systems wilhbglace throughout the year while others
will be in effect during the times the sourcesactve (e.g., application of lawn fertilizer).

Implementation: The implementation plan or watershed managemanttpl achieve the TMDL
reductions will vary from lake to lake dependingtba type of point source and non-point source
loads for a given situation. For non-point souguctions the implementation plan will depend
on the type and degree of development in the waersWhile the impacts from development
cannot be completely eliminated, they can be mingahiby prudent “good housekeeping”
practices, known more formally as best managemaatipes (BMPs). Among these BMPs are
control of runoff and erosion, well-maintained sutface wastewater disposal systems and
reductions in the use of fertilizers in residensigdas, parks, cemeteries and golf courses and
agriculture. Activities close to the water body atsdributaries merit special attention for
following good land management practices. In addijtthere are some statewide efforts that
provide part of an overall framework. These incltitke legislation that curbed the phosphorus
content of many cleaning agents, revisions to e@uls that encourage better maintenance of
subsurface disposal systems (Title 5 septic sy3teand the Rivers Protection Act that provides
for greater protection of land bordering water lesdin some cases, structural controls, such as
detention ponds, may be used to reduce pollutiadddo surface waters.

Although the land use approach gives an estimatieeofnagnitude of typical phosphorus export
from various land uses, it is important to recogrttzat non-point source phosphorus pollution
comes from many discrete non-point sources wittewatershed. Perhaps the most common
phosphorus sources in rural areas are associatledovi erosion and use of phosphorus
fertilizers. Soils tend to erode most rapidly daling land disturbances such as construction,
gravel pit operations, tilling of agricultural lasydovergrazing, and trampling by animals or

Final White Island Pond Total Phosphorus TMDL 13



vehicles. Erosion from unpaved roads is also ancomproblem in rural areas. Soils may erode
rapidly where runoff water concentrates into ch#smaad erodes the channel bottom. This may
occur where impervious surfaces such as parkirsgaiotl roadways direct large volumes of water
into ditches which begin to erode from either escaswater drainage or poorly designed ditches
and culverts. Any unvegetated drainage way isaylikource of soil erosion. Home septic
systems that do not meet Title 5 requirements risayl@e a source if located close to surface
waters.

Discrete sources of nonpoint phosphorus in urbamneercial and industrial areas include a
variety of sources that are lumped together asaturinoff’ or ‘stormwater’ and may be
considered as point sources under wasteload atbosatAs many of these urban sources are
difficult to identify the most common methods tat! such sources include reduction of
impervious surfaces, infiltration, street sweepangl other non-structural BMPS as well as
treatment of stormwater runoff by structural colgtiguch as detention ponds when this becomes
necessary.

Other sources of phosphorus include phosphorusibaga fertilizers used in residential areas,
parks, cemeteries and golf courses and fertiliusesl by agriculture. Manure from animals,
especially dairies and other confined animal fegdireas is high in phosphorus. In some cases
the manure is inappropriately spread or piled omdn ground during winter months and the
phosphorus can wash into nearby surface watergr ®period of repeated applications of
manure to local agricultural fields, the phospharuthe manure can saturate the ability of the
soil to bind phosphorus, resulting in phosphorysoeixto surface waters. In some cases, cows
and other animals including wildlife such as flodksiucks and geese may have access to
surface waters and cause both erosion and dirposd®sn of feces to streams and lakes.

Perhaps the most difficult source of phosphorusctmunt for is the phosphorus recycled within
the lake from the lake sediments. In most steatifhorth temperate lakes, phosphorus that
accumulated in the bottom waters of the lake dusingtification is mixed into surface waters
during spring and fall turnover when the lake mix@hosphorus release from shallow lake
sediments may be a significant input for severatoas. These reasons include higher microbial
activity in shallow warmer waters that can leadédiment anoxia and the resultant release of
iron and associated phosphorus. Phosphorus refeasalso occur during temporary mixing
events such as wind or powerboat caused turbulanioettom feeding fish, which can resuspend
phosphorus rich sediments. Phosphorus can alsgldaesed from nutrient ‘pumping’ by rooted
aguatic macrophytes as they extract phosphorusthiersedime